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(54) Battery operated computer and method for managing battery power in battery operated computer. 



(57) The invention is a battery operated computer 
having a battery for powering said computer, a 
main processor for running application prog- 
rams under the control of an operating system, 
a main memory for storing said application 
programs and said operating system, monitor- 
ing means for monitoring a battery power con- 
dition, and low battery warning means for 
indicating an operator of low battery power 
when said monitoring means detected that a 
predetermined low battery power warning con- 
dition related to a low battery power was 
reached, wherein said monitoring means can 
operate so as to alter said predetermined low 
battery power warning condition in response to 
a monitored battery power condition. 

To provide adequate power monitoring for 
batteries which are under different charging 
conditions without providing a power monitor- 
ing circuit for the batteries themselves, so that 
the residual battery power can be effectively 
used to ensure that system down is not caused 
due to battery consumption. 
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The present invention relates to a data process- 
ing system, and more particularly to a battery power 
management system of a battery operated computer. 

Some battery operated computers are construct- 
ed so as to beep to indicate low battery power if a bat- 5 
tery voltage drops to a predetermined value as a re- 
sult of battery discharge. When an operator perceives 
a warning beep, he can store data into a hard disk, re- 
place the battery, or connect to an AC adapter to the 
computer before the battery operated computer be- 10 
comes inactive. Further, a certain battery operated 
computer may have a suspend function (a function for 
interrupting the run of an application). This function 
r suspends battery power d ischarge by stopping power 

supply to every part except main memory after stor- 15 
ing information required to restart an application pro- 
gram in the main memory if a low battery voltage is 
reached during the run of the application program. A 
computer with the suspend function usually transits to 
the suspend mode after a predetermined time (for ex- 20 
ample, one minute) has passed since a beep was 
commenced to indicate low battery power. When an 
operator perceives a warning beep, he can take such 
an action as storing data into a hard disk before the 
computer enters the suspend mode. 25 

Fig. 6 to Fig. 8 are respectively curves showing va- 
riations in battery voltage over a period of time (dis- 
charge characteristics) of a fully charged battery, in- 
sufficiently charged battery, and a battery charged in 
short time (for example, a few minutes). In the figures, 30 
V(s) is a voltage at which discharge occurs. V(w) is a 
warning voltage and a computer beeps to an operator 
to indicate low battery power when a battery voltage 
reaches the warning voltage V(w). V(d) is a system 
down voltage and the computer to be operated by a 35 
battery becomes inoperable when a battery voltage 
reaches V(d). As shown in Fig.8, a battery rapidly re- 
covers its voltage even if it is charged in a short time 
and its V(s) becomes the same as the V(s) of a fully 
charged battery (shown in Fig.6), but the voltage drop 40 
is sharper than the cases shown in Fig.6 and Fig. 7. 

If the warning voltage V(w) is set to a lower value, 
the computer can be, used over a longer period of 
time. This has actually the same effect in using a com- 
puter as extending the battery life. However, as 45 
shown in Fig.8, in the case of a battery charged in 
short time, a battery voltage drops fast after the vol- 
tage has reached the warning voltage V(w). There- 
fore, in case a battery charged in a short time is used, 
even if an operator tried to store data into a hard disk so 
after a warning beep is commenced, a battery voltage 
may reach the system down voltage V(d) before data 
is written into the hard disk. Besides, even if a fully 
charged battery is used, the warning voltage V(w) 
cannot be set to a lower value, since there is no way 55 
to confirm that the fully charged battery is used. 

Incidentally, such a configuration is already 
known that a battery itself has a battery power mon- 



itoring circuit comprising a processor, memory, etc, 
and still more, information about a battery power con- 
dition obtained as a result of monitoring is sent to com- 
puter. However, such a configuration comes out to a 
high cost of the battery. Still more, such a configura- 
tion enforces an interface between the battery and 
the computer to be complicated. Adding to that, a bat- 
tery temperature often becomes higher than 70 de- 
grees, and in case of a battery without a protecting cir- 
cuit, a battery temperature can become higher than 
100 degrees. So. there is a problem that a battery 
with a monitoring circuit tends to cause malfunction. 

An object of the present invention is to provide a 
battery operated computer which can adequately 
monitor power of batteries in various charging condi- 
tions, without providing a power condition monitoring 
circuit for a battery itself. 

To accomplish said object, a computer according 
to the present invention is constructed as a battery 
operated computer having a battery for powering said 
computer, a main processor for running application 
programs under the control of an operating system, a 
main memory for storing said application programs 
and said operating system, monitoring means for 
monitoring a power condition of said battery, and low 
battery warning means for notifying an operator of 
low battery power when said monitoring means de- 
tects that a predetermined low battery power warning 
condition related to the low battery power was 
reached, in which said monitoring means can be con- 
trolled so as to alter said predetermined low battery 
power warning condition in response to the monitored 
battery power condition. 

A met hod for managing battery power in a battery 
operated computer according to the present invention 
commences a warning to notify an operator of low 
battery power upon the time when a predetermined 
low battery power condition related to the low battery 
power is reached, and changes said predetermined 
low battery warning condition according to a battery 
power condition. 

Brief Description of the Drawings 

Fig.1 is a graph showing the change in warning 
voltages of batteries, of which discharge characteris- 
tics are different from one another in an embodiment 
of a method for monitoring battery power of a battery 
operated computer according to the present inven- 
tion. 

Fig .2 is a block diagram showing the overall con- 
figuration of the embodiment of the battery operated 
computer according to the present invention. 

Fig. 3 is a block diagram showing a battery selec- - 
tor of said embodiment. 

Fig .4 is a flow chart showing processing for ad- 
justing warning voltages in said embodiment 

Fig.5 is a graph showing the discharge character- 
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istics of two batteries from which power is selectively 
supplied to the computer of said embodiment. 

Fig. 6 is a graph showing the discharge character- 
istic of a fully charged battery. 

Fig. 7 is a graph showing the discharge character- 
istic of an insufficiently charged battery. 

Fig. 8 is a graph showing the discharge character- 
istic of a battery which was charged for a short period. 

Description of the Preferred Embodiment 

In the following, an embodiment of the present in- 
vention is described by reference to drawings. In 
Ftg.2, a computer 10 operates by power supply from 
a battery 2 or an AC adapter 4. A main processor 12 
runs application programs under the control of an op- 
erating system. The main processor 12 is INTEL 
80386SX, etc., and the operating system is DOS or 
IBM OS/2. The main processor 12 is connected to a 
system bus 14, to which such I/O devices as a back- 
light liquid crystal display (LCD) 20 through a video 
controller 19, a floppy disk drive (FDD) 16, and a hard 
disk drive (HDD) 18 are connected. The system bus 
14 is connected also to a DRAM 22 as a main mem- 
ory, a ROM 24 and a NVRAM 26 as a RAM with bat- 
tery backup. 

The FDD 16 has its own controller so that, during 
a period of time when FDD 16 is not accessed, no 
power is consumed. Power supply to the HDD 18 is 
terminated when operator specified time length has 
elapsed since the last access to the HDD 18. Power 
supply to the HDD 1 8 is restarted by the next access 
to the HDD 18. The LCD 20 uses two kinds of power 
for the blanking control of a LDC screen and backlight 
control. The DRAM 22 is a main memory of the com- 
puter 10 and stores application programs and the op- 
erating system. The ROM 24 stores various interrupt 
handlers. The NVRAM 26 stores system configura- 
tion information selected by the operator. 

The system bus 14 connects to a power control 
register 108 and a power management processor 30. 
The power management processor 30 should prefer- 
ably be a Hitachi 16-bit single chip controller IC 
330/H8, and this IC has a RAM a ROM, eight analog 
input pins, a timer 32, and sixteen digital input/output 
pins as well as a 16-bit CPU on a single chip. The six- 
teen digital input/output pins are used to transmit sig- 
nals between the power management processor 30 
and devices controlled and monitored by the power 
management processor 30. The power management 
processor 30 is connected also to a keyboard 28 to 
monitor the operations of the keyboard 28. The power 
management processor 30 generates a key scan 
code corresponding to a depressed key. The power 
management processor 30 includes four internal reg- 
isters which are not shown in the figure, and these in- 
ternal registers are shared with the main processor 
12. 
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The power management processor 30 monitors 
or measures the ambient temperature (AT), a battery 
voltage (V), a battery current (I), and a battery tem- 
perature (BT), and uses the obtained information for 

5 charging a battery and the power management of the 
entire computer 10. Information on the ambient tem- 
perature is measured by a thermometer 46, and an 
analog value thus obtained is inputted, t hrough an op- 
erational amplifier 38-1 , to an analog input pin of the 

10 power management processor 30. Information on a 
battery voltage V, a battery current I. and a battery 
temperature BT are inputted from a battery 2, through 
operational amplifiers 38-2, 38-3, and 38-4, to re- 
spective analog input pins of the power management 

15 processor 30. Furthermore, the power management 
processor 30 is connected to a humidity sensor 48 
and a comparator 49. The comparator 49 provides a 
digital signal, indicating whether the internal humidity 
of the computer 10 is higher than a predetermined 

20 value or not, to the power management processor 30. 
If the internal humidity is higher than the predeter- 
mined value, the computer 10 cannot be powered on 
while it is powered off, and the computer 10 is not re- 
sumed while it is suspended. 

25 The battery 2 comprises a first battery 2-1 and a 

second battery 2-2 (or battery pack), which can be in- 
dependently installed in or removed from the comput- 
er 10. The batteries 2-1 and 2-2 are connected, 
through a switch 204, to the operational amplifiers 

30 38-2, 38-3 and 38-4. through the switch 204 the bat- 
tery 2-1 and 2-2 are alternately connected every 125 
millisecond to the operational amplifiers 38-2, 38-3, 
and 38-4. The switch 204 is controlled, through a sig- 
nal line 21 6, by the power management processor 30. 

35 The power management processor 30 can detect a 
voltage V, a current I, and a battery temperature BT 
of each of the first and second batteries 2-1 and 2-2. 
Further, as described later, from any one of the first 
and second batteries 2-1 and 2-2, which has a higher 

40 voltage V, power is supplied to the power manage- 
ment processor through a power line 208. The first 
and second batteries 2-1 and 2-2 should be prefer- 
ably a chargeable battery such as nickel-cad- 
mium(NiCad) battery or nickel-metal hydride(NiMH) 

45 battery. However, the present invention can be ap- 
plied also to a computer provided with an unchange- 
able battery. 

While power is supplied to the computer 10 from 
AC adapter 4, the battery 2 is to be charged. How- 

so ever, charging occurs only if an energy level of the 
battery 2 is lower than the fully charged level. Charg- 
ing continues until the energy level of the battery 2 
reaches the fully charged level. If the power manage- 
ment processor 30 determines that an energy level of 

55 the battery 2 is lower than the fully charged level, the 
power management processor 30 sends a signal 
through a signal line 51 to a charger 50 to turn the 
charger 50 to on. If the power management processor 

3 
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30 determines that the battery 2 is fulfy charged, the 
power management processor 30 turns the charger 
50 to off. 

An OR gate 54 is used to reset the power man- 
agement processor 30 according to any one of the fol- 5 
lowing three input conditions. The three input condi- 
tions respectively happen (a) if a system voltage is 
good as when the charged battery 2 is mounted, (b) 
if a resume signal is responded to, and (c) if the AC 
adapter 4 is connected. Here, the system voltage is 10 
an output voltage (5V) of a DC/DC converter 242 
shown in Fig. 3. Such input conditions are indicated on 
signal lines 58, 60, and 62 respectively as a "voltage 
good" signal, a "resume" signal, and an "AC adapter 
connected" signal in figures. When the cover (not 15 
shown) of the computer 1 0 is closed, the computer 1 0 
goes to a suspend state, and power supply to most 
parts is terminated. However, even while the cover is 
closed, the power management processor 30 is used 
to control charging of battery 2, and power supply to 20 
the power management processor 30 is continued. 
When the AC adapter 4 is connected to the computer 
10, the power management processor 30 is reset. A 
signal line 61 sends a signal indicating that the AC 
adapter 4 is connected to the computer 10. 25 

The power management processor 30 controls 
an icon display 52. The icon display 52 is placed in 
some adequate place on the housing (not shown) of 
the computer 1 0 easy to see for the operator. The icon 
display 52 includes a luminous body for indicating (a) 30 
that the battery is being charged, (b) charging level, 
(c) the computer is in the suspend mode, and the like. 

If the power management processor 30 detects 
that the battery 2 is consumed out and a battery vol- 
tage V dropped to the warning voltage V (w) t the pow- 35 
er management processor 30 transmits a warning sig- 
nal over a signal line 118, and after a predetermined 
period of time (for example, one minute), transmits a 
"battery consumption" signal over a signal line 72. 
The warning voltage is described later in detail. The 40 
signal line 72 is connected to one of the inputs of an 
OR gate 76. Inputted to the other input of the OR gate 
76 is a "cover closed" signal. The output of the OR 
gate 76 is connected to one of the inputs of an AND 
gate 78. Inputted to the other input of the AND gate 45 
78 is an "extension box not linked" signal. The "Exten- 
sion box not linked" signal is generated if an extension 
box (not shown) is not connected to the computer 1 0. 
Output of the AND gate 78 is transmitted as a "sus- 
pend (temporary stop)" signal over a signal line 82. 50 
The "suspend" signal is a control signal that allows 
the computer 10 to be in a suspend (temporary stop) 
state, and inputted to a multiplexer (MUX) 96. Under 
such a gate configuration, if at least one of conditions 
that the battery is consumed and the cover is closed 55 
establishes, and the extension box is not linked, then 
the computer 10 enters the suspend mode. 

The MUX 96 includes multiple inputs. The MUX 



96 monitors whether an input is active or not. If the 
MUX 96 detects that an input is active, the MUX 96 
transmits an interrupt request signal ('MPM INT' sig- 
nal) over a signal line 98. At the same time as the gen- 
eration of the 'MPM INT signal, the MUX 96 trans- 
mits a coded signal to specify which input is active, 
over a signal line 99. The signal lines 98 and 99 pro- 
vide input to an interrupt controller 1 00. The interrupt 
controller 100 includes a timer 106 for controlling the 
backlight of the LCD 20. The timer 1 06 is reset when 
a keyboard or a mouse becomes active. When the 
timer 1 06 counts to a predetermined number, the LCD 
20 is set to off. The interrupt controller 1 00 is connect- 
ed, through a signal line 102, to the main processor 
12. The main processor 12 performs interrupt proc- 
essing for power management according to the type 
of an interrupt. The interrupt controller 100 is con- 
nected, through a signal line 104, to a power control 
register 108. The power control register 108 is reset 
at the time of power on after resume processing. 

The MUX 96 and the power management proces- 
sor 30 are connected to each other through a signal 
line 64. When software run by the power manage- 
ment processor 30 causes an interrupt, a *PMP soft- 
ware INT signal becomes active on the signal line 64. 
The 'PMP software INT signal becomes active at the 
time-out of a timer 32, at a high temperature above a 
predetermined temperature, and at the time of the 
consumption of the battery. A comparator 70 is con- 
nected to an input line 66 of the MUX 96. The com- 
parator 70 has an input line 68, which receives an in- 
put signal indicating a system voltage. The input sig- 
nal indicating a system voltage is compared with a 
predetermined value by the comparator 70. If the sys- 
tem voltage is at a normal level, the comparator 70 
provides a Voltage good' signal to the MUX 96 
through the signal line 66. On the signal line 66, a sig- 
nal becomes active when the charged battery 2 or the 
AC adapter 4 is mounted. 

An input line 84 of the MUX 96 is connected to a 
latch circuit 86. An input of the latch circuit 86 is con- 
nected to an output of an OR gate 87, and inputted to 
an input 90 of the OR gate 87 is a 'time alarm' signal. 
Inputted to an input 92 is a 'cover open' signal. Input- 
ted to an input 94 is a 'modem call' signal. Output of 
the latch circuit 86 is a 'resume' signal, which is a sig- 
nal for switching the computer 10 from the suspend 
mode to the active mode. A 'Resume' signal be- 
comes active when the cover is opened, a modem 
(not shown) is called, or a predetermined time is 
reached. Connected to the remaining input of the 
MUX 96 is an auto/manual switch 83. When the 
switch 83 is operated, a power management interrupt 
signal is generated. 

When the battery 2 is being used, the computer 
1 0 operates in two operating modes, active mode and 
suspend mode. In the active mode, the main proces- 
sor 12 operates at a speed previously selected. The 
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speed of the main processor 12 depends on the set- 
tings of the switch 83. An application program can set 
a Vcc input (the power pin of the main processor 12) 
to off to shutout power to the main processor 12. The 
main processor 12 is connected to a clock speed con- 
troller 110. The clock speed controller 110, which is a 
part of the interrupt controller 100, generates three 
types of clock speed of 5MHz, 10MHz, and 20MHz. 

An OR gate 114 operates, in response to a signal 
from a tone generating circuit 116 or a signal line 118. 
A speaker 112 and the icon display 52, are warning 
means for warning low battery power. Although the 
speaker 112 generates a tone when a charged two 
third condition becomes a charged one third condi- 
tion, if fully charged state is considered one. About 
one minute before transition into suspend mode, a 
tone changes according to each case. A tone gener- 
ated about one minute before the transition into the 
suspended mode is, in this specification, called a 
beep for warning of battery consumption. It is prefer- 
able that data is written into the HDD 18 for one min- 
ute while a beep generates and then the computer 10 
enters the suspend mode. Also when the computer 10 
goes to the suspend mode and is resumed, a different 
tone generates. Besides, a beep of click sound from 
the keyboard is generated. The tone generating cir- 
cuit 116 is controlled by the main processor 12. 

Power supply to each device is controlled on or 
off by the settings of the power control register 108. 
The setting of the power control register 108 is con- 
trolled by the main processor 12 which runs an inter- 
rupt processing routine. The power control register 
108 also performs a reset operation for the latch 86 
through a reset signal line 85. 

As shown in Fig. 3, an output of the AC adapter 4 
is provided, through a power line 123, to a DC/DC 
converter group 240. The DC/DC converter group 
comprises DC/DC converters 242, 244, and 246 
which respectively output +5 volt, +12 volt, and -12 
volt. The +5 volt output of the DC/DC converter 242 
is provided, through a FET 282, to the Vcc input pin 
of the main processor 12, various semiconductor log- 
ic circuits on system board, the FDD 16, the HDD 18, 
the main memory 22, the ROM 24, the video control- 
ler 1 9, and the NVRAM 26. The +1 2 volt output of the 
DC/DC converter 244 is provided, through a FET 284, 
to the LCD 20. The -12 volt output of the DC/DC con- 
verter 246 is provided, through a FET 286 to the ex- 
tended connecter 15, the video controller 19, and a 
modem (option). Connected to respective control in- 
puts of the FETs 282, 284, and 286 are output lines 
124 from the power control register 108, the settings 
of which control on or off the FET 282, 284, and 286. 

Referring to Fig. 3, a battery selector 210 includes 
a first switch 21 2 and a second switch 214. Power out- 
put of the first battery 2-1 and the second battery 2- 
2 is selectively connected to the DC/DC converter 
group 240 by the first switch 21 2. A switching opera- 



tion for the first switch 212 is performed by the power 
management processor 30 through a signal line 205. 
The power management processor 30 monitors vol- 
tage V of the first battery 2-1 and the second battery 

5 2-2 and operates the first switch 212 so that one of 
the batteries whose voltage is higher than the other 
is connected to the DC/DC converter group 240. 
Once a battery is selected in this way, the first switch 
212 cannot be switched until the selected battery is 

10 used up. The battery selected first is decided to be 
used up when its voltage V drops to a predetermined 
level which is much the same as a system down vol- 
tage V(d). 

Power supply for the power management proces- 
15 sor 30 is not done through the DC/DC converter 
group 240, but done from output power lines of the 
first and second batteries 2-1 and 2-2 through a pow- 
er selector 260 and a power on switch circuit 262. The 
power selector 260 comprises diodes connected in 
20 parallel in the same direction, and a power output of 
either the first battery 2-1 or the second battery 2-2 
which has a higher voltage V is to be supplied to the 
power management processor 30. The power on 
switch circuit 262 is used to prevent power supply 
25 from the first battery 2-1 or the second battery 2-2 to 
the power management processor 30 during a period 
of time when the computer 10 is turned off. 

Further, to the power lines of the first battery 2- 
1 and the second battery 2-2, a power supply line 31 0 
30 from the battery charger 50 is to be selectively con- 
nected through the second switch 214. A switching 
operation for the second switch is performed by the 
power management processor 30. If the AC adapter 
4 is connected to the computer 10, regardless of 
35 whether the power switch of the computer 1 0 is on or 
off, the battery 2-1 or 2-2 is charged. Which one of the 
first and second batteries 2-1 and 2-2 is to be charged 
first is determined by the power management proces- 
sor 30 based on a battery voltage V. 
40 Fig. 1 shows the discharge characteristics of the 

battery 2 (battery 2-1 or 2-2) at three different charg- 
ing conditions. Discharge characteristic #1 shows the 
case where the battery is fully charged, discharge 
characteristic #3 shows the case where the battery is 
45 insufficiently charged, and discharge characteristic 
#1 shows the case where the battery is charged for 
a few minutes, in short time. In any case, discharge 
start voltages V(s) are almost at the same level. If the 
battery 2 is described as 1 2 V in the appropriate man- 
so ual, etc., in each case of the discharge characteristics 
#1 to #3, a discharge start voltage V(s) is about 1 3 volt 
and drops in short time to about 12 volt. 

In the embodiment, a period of time during which 
a voltage drops from a first predetermined voltage 
55 V(1) to a second predetermined voltage V(2) is meas- 
ured. In Fig.1, periods of time during which a voltage 
drops from the first predetermined voltage V(1) to the 
second predetermined voltage V(2) in the discharge 
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characteristics #1, #2, and #3 are T#1, T#2, T#3, re- 
spectively. The fully charged battery 2 has a period of 
time during which a voltage stays stable for relatively 
long time. That is, the fully charged battery 2 has an 
area in which a voltage slowly changes with time in 5 
comparison with other voltage areas. It is preferable 
that the first and second predetermined voltages V(1 ) 
and V(2) are selected respectively from voltage val- 
ues near the upper limit and the lower limit of the area 
in which a voltage of the fully charged battery 2 slowly 10 
changes with time* in comparison with other voltage 
areas. A warning voltage V(w) changes in response to 
a period of time during which a voltage V of the battery 
2 drops from the first voltage V(1) to the second vol- 
tage V(2). 15 

In Fig. 1 , if a period of time during which a voltage 
drops from the first predetermined voltage V(1 ) to the 
second predetermined voltage V(2) is T#1, T#2, and 
T#3, respectively, warning voltages are V(w)#1, 
V(w)#2, and V(w)#3, respectively. That is, if the bat- 20 
tery 2 is fully charged, by setting a warning voltage 
V(w) low enough, actually the same effect is brought 
to an operator as the battery life itself is extended. Be- 
sides, if the battery 2 is charged for a short period 
such as a few minutes, by setting a warning voltage 25 
V(w) high, the operator can be certainly given a time 
to write data into the HDD 18, and etc., before the 
computer 10 enters the suspend mode. Convention- 
ally a warning voltage V(w) could not be adjusted ac- 
cording to a charging condition of the battery 2, and 30 
therefore an intermediate value such as the second 
warning voltage V(w)#2 in Fig.1 was often used as a 
warning voltage V(w). And as a result, such cases 
happened as that warning is issued when there is left 
enough battery power, or, on the contrary, warning is 35 
issued too late. Incidentally, monitoring means for 
monitoring a power condition of the battery 2 includes 
the power management processor 30, a group of the 
operational amplifiers 38, and the switch 204. 

Fig. 4 shows the operations of the power manage- 40 
ment processor 30 for adjusting a warning voltage 
V(w) according to a period of time during which a vol- 
tage drops from the first predetermined voltage V(1) 
to the second predetermined voltage V(2). In the fig- 
ure a decision step S2 compares a battery voltage V 45 
with the first predetermined voltage V(1). If the bat- 
tery voltage V becomes equal to the first predeter- 
mined voltage V(1), or lower than the first predeter- 
mined voltage V(1), a processing step S4 starts to 
count the number of clocks based on the timer 32 of so 
the power management processor 30. A decision step 
S6 compares a battery voltage V with the second pre- 
determined voltage V(2). If the battery voltage V be- 
comes equal to the second predetermined voltage 
V(2), orlowerthanthe second predetermined voltage 55 
V(2). a processing step S8 stops counting the number 
of clocks based on the timer 32 of the power manage- 
ment processor 30. A count at the time when clock 



number counting stops indicates a period of time T 
which is required when a battery voltage stops from 
the first predetermined voltage V(1) to the second 
predetermined voltage V(2). 

A decision step S12 compares the time T with 
T#1, and rf the time T is greater than or equal to the 
T#1, a processing step S14 sets a warning voltage 
V(w) to the first warning voltage V(w)#1. A decision 
step S1 6 compares the time Twit h the T#2, and if the 
time T is greater than or equal to the T#2. a process- 
ing step S18 sets a warning voltage V(w) to the sec- 
ond warning voltage V(w)#2, regardless of the setting 
in the processing step 14. A decision step S22 com- 
pares the time T with the T#3, and if the time T is 
greater than or equal to the T#3, a processing step 
S24 sets a warning voltage V(w) to the third warning 
voltage V(w)#3, regardless of the setting in the proc- 
ess step 1 8. When a warning voltage is thus set to any 
of the warning voltages V(w)#1 to V(w)#3, a decision 
step S28 compares the battery voltage V(w) and a set 
value of warning voltage V(w) with each other. If the 
battery voltage V is less than or equal to the set value 
of warning voltage V(w), the processing step S28 is- 
sues a warning beep from the speaker 112 and dis- 
plays a visual warning on the icon display 52 to inform 
the operator of battery consumption. 

If a warning (warning beep and warning display) 
is issued in the process step S28, a processing step 
S32 starts to activate the timer for a minute. Then, a 
decision step S34 determines whether the battery 
voltage V is higher than the system down voltage V(d) 
or not, and if the battery voltage V is not higher than 
the system down voltage V(d), a processing step S38 
causes the computer 10 to be transited to the sus- 
pend mode. If the decision step S34 determined that 
the battery voltage V is higher than the system down 
voltage V(d), a processing step S36 determines 
whether one minute is passed or not. If one minute is 
not passed, the processing returns to the decision 
step 34, or if one minute is passed, the computer 10 
is transited to the suspend mode in the step S38. 

Fig. 1 shows an example of a relation of the first 
predetermined voltage V(1), the second predeter- 
mined voltage V(2), and the warning voltage V(w) to 
a battery current I in a case where a battery whose 
voltage is 12 volt as indicated in the specifications is 
used as the battery 2. In Fig.1, the warning voltage 
V(w)#3 is equivalent to a value when the battery 2 is 
fully charged, that is, the third warning voltage 
V(w)#3 which is a warning voltage in the case where 
a period of time T is larger than the third period of time 
T#3. As is obvious from Fig.1 m if a battery current I is 
small, the first predetermined voltage V(1), the sec- 
ond predetermined voltage V(2), and the warning vol- 
tage V(w) is set to larger values than if a battery cur- 
rent I is large. This is because a battery voltage be- 
comes smaller due to the consumed current through 
an internal resistance even if a residual power is the 
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same for each battery. That is, those voltages are set 
to higher values to ensure that system down is pre- 
vented by taking voltage drop due to an internal resis- 
tance into account and residual battery power can be 
effectively used. 5 

Fig. 5 is provided to describe in detail an example 
of a method for monitoring power of the computer 10 
provided with the first battery 2-1 and the second bat- 
tery 2-2. In the case where two batteries 2-1 and 2-2 
are provided for the computer 10, if a voltage of the 10 
first battery 2-1 is higher than a voltage of the second 
battery 2-2, the first battery 2-1 is used to operate the 
computer 10. As the result, a voltage of the first bat- 
tery drops sooner than a voltage of the second bat- 
tery, and only power supply to the power manage- 15 
ment processor 30 through the power selector 260 
takes place from the second battery 2-2. Such a pow- 
er supply is continued in the first zone of Fig. 5. In the 
first zone, if a voltage of the first battery 2-1 drops to 
the warning voltage V(w), a warning is not issued and 20 
transition to the suspend mode in response to a de- 
gree of battery consumption does not occur. 

After a voltage of the first battery 2-1 drops to the 
system down voltage, power is supplied to each part 
of the computer 10 from the second battery 2-2 in- 25 
stead of the first battery 2-1. Since a voltage of the 
second battery 2-2 is higher than a voltage of the first 
battery 2-1 , power supply to the power management 
processor 30 takes place from the second battery 2- 
2. Such a power supply is continued in the second 30 
zone. 

A voltage of the first battery 2-1 , which is stopped 
using, regains relatively rapidly, and sometimes be- 
comes higher than a voltage of the second battery 2- 
2 whose voltage gradually drops. Such case is shown 35 
in the third zone. In the third zone, the first battery 2- 
1 supplies power to the power management proces- 
sor 30, the second battery 2-2 supplies power to each 
part of the computer 10 except the power manage- 
ment processor 30. A warning voltage V(w)#A indicat- 40 
ed by a point A in Fig. 5, is a warning voltage in the 
case where the first battery 2-1 is not supplying pow- 
er to the power management processor 30, in other 
words, in the case where the second battery 2-2 is 
supplying power to each part of the computer 10 in- 45 
eluding the power management processor 30. Be- 
sides, a warning voltage V(w)#B indicated by a point 
B in Fig. 5, is a warning voltage in the case where the 
first battery 2-1 is supplying power to the power man- 
agement processor 30, and the second battery 2-2 is so 
supplying power to each part of the computer 10 ex- 
cept the power management processor 30. Since the 
first battery 2-1 supplies power to the power manage- 
ment processor 30, the warning voltage V(w)#B can 
be set lower than the warning voltage V(w)#A. 55 

As described above, according to the embodi- 
ment, since a condition that a warning is issued to in- 
dicate battery consumption is changed based on a 



battery charging state, actually the same effect as the 
lifetime of the battery is extended can be realized in 
using the battery, and, furthermore, a danger that an 
action for storing data is not completed due to battery 
consumption can be avoided. Besides, since a mon- 
itoring circuit for monitoring a battery power condition 
does not need to be provided to the side of battery, 
implementation is easy, and there is no danger of 
causing the malfunction of the monitoring circuit due 
to an elevated temperature of the battery. Further, 
since in the embodiment, the power selector 260 is 
provided, and even while one of the two batteries is 
used as a main power supply, a warning voltage can 
be set lower if the power management processor is 
supplied power from the other once used up, the ef- 
fect that a battery usable time is extended can be ob- 
tained. 

In the embodiment, two batteries are mounted. 
However, it will be appreciated that only one battery 
or three or more batteries may be mounted. A battery 
power condition which is monitored is indicated by the 
time period T during which a battery voltage drops 
from the first predetermined voltage V(1) to the sec- 
ond battery voltage V(2). However, it will be appreci- 
ated also that a battery power condition which is 
monitored is not limited to the time period and, for ex- 
ample, it may be indicated by a slope of the tangent 
to a discharge curve, which shows discharge charac- 
teristics at a certain voltage value, or it may be indi- 
cated by other conditions related to a current or power 
value. Further, a battery warning condition means 
that a battery voltage V reached a warning voltage 
V(w). However, it will be appreciated also that it may 
be indicated by other conditions related to a current 
or power value. Still further, a warning is not limited 
to a warning beep but it may be issued through visual 
warning means, etc. 

Claims 

1 . A battery operated computer having a main proc- 
essor for running application programs under the 
control of an operating system, a main memory 
for storing said application programs and said op- 
erating system, monitoring means for monitoring 
a battery power condition, and low battery warn- 
ing means for indicating Jow battery power when 
said monitoring means detects that a predeter- 
mined low battery power warning condition relat- 
ed to a low battery power is reached, wherein said 
monitoring means has means to alter said prede- 
termined low battery power warning condition in 
response to a monitored battery power condition. 

2. The battery operated computer according to 
claim 1, wherein said low battery power warning 
condition is a condition that a battery voltage has 
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reached a predetermined low warning voltage, 
and said battery power condition to be monitored 
by said monitoring means is a condition which 
continues for a time length during which a battery 
voltage drops from a first predetermined voltage 5 
which is higher than said predetermined low 
warning voltage to a second predetermined vol- 
tage which is lower than said first predetermined 
voltage and higher than said warning voltage. 

10 

3. The battery operated computer according to 
claim 2, wherein said first predetermined voltage 
and said second predetermined voltage are 
changed in accordance with a value of current 
supplied by a battery. 15 

4. The battery operated computer according to 
claim 1 , 2 or 3, wherein said monitoring means in- 
clude a power management processor, and mul- 
tiple batteries can be mounted to or removed from 20 
the computer independently from one another, 

and said computer has a power selector for sup- 
pling power to the power management processor 
from a battery other than a battery which has the 
lowest voltage among multiple batteries, and said 25 
monitoring means can be operated so that said 
warning voltage is set to a lower value, if a battery 
supplying power to each part except the power 
management processor is different from a battery 
supplying power to the power management proc- 30 
essor, than if a battery supplying power to each 
part except the power management processor is 
also supplying power to the power management 
processor. 

35 

5. A method for managing battery power in a battery 
operated computer, wherein a low battery power 
warning is issued to the operator if a predeter- 
mined battery warning condition caused by a low 
battery power is detected, and said predeter- 40 
mined battery warning condition is changed ac- 
cording to a battery power condition. 

6. The method for managing battery power in the 
battery operated computer according to claim 5, 45 
wherein said predetermined battery warning con- 
dition is a condition that a battery voltage has 
reached a predetermined warning voltage, and 

the battery power condition monitored by said 
monitoring means is a condition which continues so 
for a time length during which a battery voltage 
changes from a first predetermined voltage high- 
er than said predetermined low warning voltage 
to a second predetermined voltage lower than 
said first predetermined voltage and higher than 55 
said warning voltage. 
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